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Incidence
• 55% of crewmembers 
report use of medications 
for congestion
Wotring V. Medication use by U.S. crewmembers on 
the International Space Station. The FASEB J. 2015; 
29:4417-4423.
Medication use by Complaint
• Immunological related health 
events for 21 flight years
• Crucian B, Babiak-Vazquez A, Johnston S, Pierson 
DL, Ott CM, Sams C. Incidence of Clinical 
Symptoms During Long-Duration Spaceflight. 
International Jounral of General Medicine. 2016; 
(9) 383-391.
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Why is this a concern?
• Uncomfortable/distracting
• Could contribute to poor sleep
• Prevent EVAs
• Decrease in taste
• Risk of ear/sinus infections
• Sign of underlying problems on ISS
Traditional Explanation
• Fluid shifts increase cerebral blood volume
• Doesn’t explain why congestion complaints continue 
throughout mission
Study Goals
Examine the relationship between nasal 
congestion and:
• Complaints of headache
• Carbon dioxide levels
• Age of the ISS
CO2 Background
• Original flight rules were based on U.S. Navy submarine data and NIOSH 
occupational limits. 
• 1970’s data from U.S. subs indicated 1% (7.6mm Hg) was relatively safe.
• Physiologic effects thought to be related to 1% CO2 in subs:
• Respiratory minute volume 
• Blood Ph
• Electrolytes
• Gastric acidity
• Sleep disturbances
• Original flight rule for ISS set at 7.6 mm Hg
Schaeffer KE. Physiologic stresses related to hypercapnia during 
patrols on submarines. Undersea Biomed Res. 1979;6 Suppl:S15-47.
Messier AA, Heyder E, Schaefer KE. Effect of 90-Day Exposure to 
1% CO2 on Acid-Base Status of Blood. Naval Submarine Medical 
Research Lab, Groton, Ct. March, 02 1971. 
CO2 Background
• Reported CO2 symptoms:
• Headaches
• Fatigue
• Irritability
• Lethargy
• Decreased work 
performance
• Sleep difficulties
• CO2 related symptoms were 
anecdotally associated with 
large group gatherings like 
press conferences
• These symptoms seemed to 
improve when breathing 100% 
O2 for EVAs.
Bacal K, Beck G, Barratt MR. “Hypoxia, Hypercarbia, and 
Atmospheric Control”. Principles of Clinical Medicine for Space 
Flight. 1st ed. Barratt MR, Pool SL. New York, 2008. 445-473. Print.
CO2 Hypothesis
• CO2 is a potent vasodilator
• Mediated through decreases in pH which act extracellularly to relax 
blood vessels and increase blood flow
• Microgravity alters venous outflow in the head and neck
• Increases blood volume in the head and neck
Methods
• Data gathered on USOS Astronauts that flew on ISS March 14, 
2001- February 16, 2018
• Complaints of congestion gathered from PMCs and SMOTs
• CO2 data drawn from Main Constituent Analyzer
• Missing data addressed mathematically by multiple imputation
• First 7 days of flight excluded to control for confounding 
variables
• Fluid shifts occur in first week
• Arriving vehicles have different CO2 levels compared to ISS
PMC (Private Medical Conference)
SMOT (Space Medicine Operations Team)
Statistical Analysis
•
• The following equation models the relationship between variables examined and the log odds where p represents the probability of reporting congestion
Demographics
• N= 79   Exp: 2-53
Variables
Mean ± Standard 
Deviation
Males, (%) 82.3
Females, (%) 17.7
Age at Launch, yr 47.3 ± 4.8
Mission duration, d 162.4 ± 40.2
Number of observations per crewmember 40.0 ± 17.2
Headache vs 
Congestion
(Predicted probability)
CO2 over 
time
CO2 vs. 
Congestion 
(Predicted probability)
p= .1582
Age of ISS vs. 
Probability of 
Congestion
p= .0024
Potential Consequence of Aging: 
Physical Dust Particles
• Microgravity= floating dust
• Most ISS dust particles are 
large enough that they are 
trapped in the upper 
airways and nose.
• >100 microns
• Composition:
• Dead skin
• Hair 
• Nail clippings
• Food particles
• Paper
• Plastic
• Clothing lint
• Other granular debris 
HEPA ISS filters are designed to remove 
99.7% of particles greater than .3 
microns
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/201700088
03.pdf
Perry JL, Coston, JE. Analysis of Particulate and Fiber Debris Samples Returned from the International 
Space Station. International Conference on Environmental Systems. July 13-17, 2014. Tucson, Arizona.
Potential Consequence of Aging: 
Microorganisms 
• 2007: Analysis of dust collected from 
ISS HEPA filters by PCR returned results 
that included 39 species of molds, 
higher levels than found in most US 
homes. 
• 2014: Risk of an astronaut reporting a 
medical event tripled if microbial 
counts were above the established 
limits 
Colonies of fungi grown from a sample 
collected from ISS during Microbial Tracking-1
Vesper SJ, Wong W, Kuo CM, Pierson DL. Mold 
Species in Dust from the International Space 
Station Identified and Quantified by Mold 
Specific Quantitative PCR. Res Microbiol. 
2008 Jul-Aug;159(6):432-5.
Oubre C, Charvat JM, Kadwa B, et al. Microbiology and 
Crew Medical Events on the International Space 
Station. National Aeronautics and Space 
Administration. Houston, Tx. 2014. Available at 
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov
/20140003763.pdf. 
https://www.nasa.gov/ames/microbial-tracking
Potential Consequence of Aging:
Rodents
• 2009: Lab mice flown to the ISS for experiments
• Research has found that up to 30% of people working with lab 
animals will develop an allergic response within the first year 
• Did not see spike in congestion in 2009
Potential Consequence of Aging:
Toxic Contaminants
• Off-Gassing of materials 
• (formaldehyde, halocarbons)
• Anticorrosives in fluid lines
• (cadmium, nickel)
• Waste Management Systems
• (Urea, sulfuric acid)
• Sensitive monitoring systems on board 
ISS have demonstrated that trace 
contaminants have decreased with age 
of station
Air Quality Monitor
Study Limitations
• CO2 exposures vary throughout missions
• Exercise
• Social and work related gatherings
• Working behind racks or in engineering spaces
• EVAs: 100% O2 and decreased pressure
• Ventilation needed to     CO2, however also    particles
• PMCs only once a week
• Individual variability in symptoms
SPHERES robot project uses CO2 
bursts for propulsion
Conclusion
• Congestion is a common ISS medical complaint
• Congestion has impacts to health and performance
• Poor Sleep
• Sinus Infections
• Cephalic fluid shift common explanation, yet complaints continue 
after adaptation period
• Headaches are associated with congestion in ISS crew members
• Elevated CO2 levels may lead to congestion
• The older the ISS, the higher the predicted probability of congestion
• ISS mold levels reported higher than most US homes
• Risk of an astronaut reporting a medical event tripled if microbial 
counts were above the established limits 
• Prevents EVAs
• Distracting/discomfort
References
• The National Institute for Occupational Safety and Health. Criteria for a Recommended Standard: Occupational Exposure to 
Carbon Dioxide. Washington, DC: U.S. Government Printing Office. 1976. Available at https://www.cdc.gov/niosh/docs/76-
194/. Accessed April 6, 2018.
• Schaeffer KE. Physiological stresses related to hypercapnia during patrols on submarines. Undersea Biomed Res. 1979;6 
Suppl:S15-47.
• Messier AA, Heyder E, Schaefer KE. Effect of 90-Day Exposure to 1% CO2 on Acid-Base Status of Blood. Naval Submarine 
Medical Research Lab, Groton, Ct. March, 02 1971. 
• Hagar, R. Submarine Atmosphere Control and Monitoring Brief for the COT Committee. Presentation at the First Meeting on 
Emergency and Continuous Exposure Guidance Levels for Selected Submarine Contaminants, January 23, 2003, Washington, 
DC.
• Law J, Van Baalen M, Foy M, Mason SS, Mendez C, Wear ML, Meyers VE, Alexander D. Relationship between carbon dioxide 
levels and reported headaches on the international space station. J Occup Environ Med. 2014;56(5):477-83. 
• James J. The Headache of Carbon Dioxide Exposures. SAE Technical Paper. Chicago, IL; 2007. Available at 
http://papers.sae.org/2007-01-3218/
• Interim Report Meeting Minutes, 9 July 2009, Houston, TX. Available at http://iss-
www.jsc.nasa.gov/nwo/ppco/cbp_miocb/bbt_docs/bbtcal/Minutes.6 .09-Jul-2009.htm. Accessed April 3, 2018.
References
• Norsk P, Asmar A, Damgaard M, Christensen NJ. Fluid shifts, vasodilatation and ambulatory blood pressure reduction during 
long duration spaceflight. The Journal of Physiology. 2015;593(Pt 3):573-584. 
• Brian JE Jr. Carbon dioxide and the cerebral circulation. Anesthesiology. 1998;88:1365–1386.
• Environmental Protection Agency. Indoor Air Facts No. 4: Sick Building Syndrome. Available at 
https://www.epa.gov/sites/production/files/2014-08/documents/sick_building_factsheet.pdf. Accessed April 12, 2018. 
• Perry, JL, Coston, JE. Analysis of Particulate and Fiber Debris Samples Returned from the International Space Station. 
International Conference on Environmental Systems. July 13-17, 2014. Tucson, Arizona.
• Vesper SJ, Wong W, Kuo CM, Pierson DL. Mold Species in Dust from the International Space Station Identified and Quantified 
by Mold Specific Quantitative PCR. Res Microbiol. 2008 Jul-Aug;159(6):432-5.
• Venkateswaran K, Vaishampayan P, Cisneros J, Pierson DL, Rogers SO, Perry J. International Space Station Environmental 
Microbiome- Microbial Inventories of ISS Filter Debris. Appl Micrbiol Biotechnol. 2014;98:6453-6466.
• Chaudhary N, Marr, KA. Impact of Aspergillus Fumigatus in Allergic Airway Diseases. Clinical and Translational Allergy.
2011;1:4.
• Dunn A, Abadie L. Study Reveals Immune System is Dazed and Confused During Spaceflight. National Aeronautics and Space 
Agency. Available at https://www.nasa.gov/content/study-reveals-immune-system-is-dazed-and-confused-during-spaceflight-
u. Accessed April 12, 2018. 
• Marshburn TH, Cole RW, Blue RS. “Space Medicine: The Next Frontier.” Auerbach’s Wilderness Medicine. 7th ed. Auerbach PS, 
Cushing TA, Harris NS. Philadelphia, 2017. 2601-2602. Print.
References
• James JT. “Health Effects of Atmospheric Contamination.” Principles of Clinical Medicine for Space Flight. 1st ed. Barratt 
MR, Pool SL. New York, 2008. 427- 441. Print.
• McCoy JT. ISS Dust Concerns. Presented March 21, 2012. Accessed April 13, 2018. 
• National Aeronautics and Space Agency. Toxicology Analysis of Spacecraft Air. Available at 
https://www.nasa.gov/content/toxicology-analysis-of-spacecraft-air. Accessed April 12, 2018. 
• Oubre C, Charvat JM, Kadwa B, et al. Microbiology and Crew Medical Events on the International Space Station. National 
Aeronautics and Space Administration. Houston, Tx. 2014. Available at 
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20140003763.pdf. Accessed April 19, 2018.
• Tarver WJ. Lab Animal Allergies: A Common Problem in an Uncommon Place- The ISS. National Aeronautics and Space Agency. 
Available at https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20150020940.pdf. Accessed April 12, 2018. 
Back up
Parameter Estimates (20 Imputations)
Parameter Estimate Std Error 95% Confidence Limits DF Minimum Maximum Theta0 t for H0: Pr > |t| Slope
Parameter=
Theta0
intercept -5.199262 1.024179 -7.20828 -3.19025 1463.7 -5.93589 -4.56054 0 -5.08<.0001
ISS_age 0.220178 0.072509 0.07806 0.36229 139928 0.206039 0.237137 0 3.04 0.0024
1.246299
avg_24hr 0.1885 0.132823 -0.07424 0.45124 132.02 0.035206 0.360732 0 1.42 0.1582
1.207437
HA Estimate Standard DF t Value Pr > |t| Alpha Lower Upper Mean Standard Lower Upper diff lower diff upper
Error Error Mean Mean
Mean
No -2.5392 0.2823 2835 -8.99<.0001 0.05 -3.0928 -1.9855 0.07316 0.01914 0.04341 0.1207
0.02975 0.04754
Yes -0.619 0.3469 2835 -1.78 0.0745 0.05 -1.2993 0.06123 0.35 0.07893 0.2143 0.5153
0.1357 0.1653
Reporting Bias?
• No increase in complaints of congestion 
after publication of Law et al paper on 
correlation of headaches and CO2. 
Potential Causes: 
Microorganisms 
• 2014: Risk of an 
astronaut reporting a 
medical event tripled if 
microbial counts were 
above the established 
limits 
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20140011758.pdf
